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NOVEL PRIMERS AND METHODS FOR THE DETECTION OF 
DISSEMINATED TUMOR CELLS 

The present invention relates to primers that specifically hybridize to nucleic acid 
molecules complementary to the messenger RNA transcribed from genes 
encoding MAGE tumor-specific antigens or a part thereof or to a complementary 
strand thereof as well as to diagnostic compositions comprising said antigens. 
The present invention further relates to methods for detecting disseminated tumor 
cells employing the primers of the invention as well as methods for preparing a 
tumor adjuvant vaccine. 

Immunotherapeutic approaches have previously been applied to patients with 
minimal residual disease and could reduce mortality and recurrence associated 
with distant metastases. Since early occult dissemination of tumor cells is already 
present in about half of the cancer patients, efficient treatment strategies have to 
be developed for eliminating residual tumor ceils. Many immunocytochemical and 
PCR-based assays using histogenetic differentiation markers exclusively allow 
the detection of micrometastatic cells that worsen the prognosis after local 
tumorectomy without identifying antigens for adjuvant immunotherapy. Limitations 
of RT-PCR analyses in oncological disorders resulted in the tissue-specific rather 
than tumor-specific expression of marker genes. Detection of disseminated tumor 
cells is thus restricted to a few, certain tumor types deriving from similar 
histological origin. Moreover, tumor cells are only detectable in front of special 
tissue background, so that most published approaches depend on samples taken 
from mesenchymal compartments. The presence of ubiquitous transcriptional 
factors and minimal activation of promoter sequences in background cells may 
cause illegitimate transcription and reduce specificity and sensitivity due to 
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gene encoding a MAGE tumor-specific antigen or a part thereof or to a 
complementary strand thereof, said primer being selected from the group of 

(i) primers having the same 3* portion as one of the following groups of 
primers: 

(a) 

5'-gtagagttcggccgaaggaac-3' (SEQ ID NO:1 

S'-caggagctgggcaatgaagac-S' (SEQ ID NO:2) 

S'-cattgaaggagaagatctgcct-S' (SEQ ID NO: 3) 

5'-gagtagaagaggaagaagcggt-3' (SEQ ID NO: 4) 

S'-gaagccggcccaggctcg-S' (SEQ ID NO: 5) 

5'-gatgactctggtcagggcaa-3' (SEQ ID NO: 6) 

5'-caccaaggagaagatctgcct-3' (SEQ ID NO: 7) 

5'-tctfcagtagtaggagcctgt-3' (SEQ ID NO: 8) 

S'-tccgtgaggaggcaaggttc-S' (SEQ ID NO: 9) 

S'-atcggattgactccagagagta-S* (SEQ ID NO: 10) 

(b) 

5'-tagagttcggccgaaggaac-3' (SEQ ID NO: 1 1 ) 

5'-ctgggcaatgaagacccaca-3' (SEQ ID NO: 12) 

5'-cattgaaggagaagatctgcct-3' (SEQ ID NO: 13) 

S'-caggcttgcagigctgactc-S* (SEQ ID NO: 14) 

5'-ggctcggtgaggaggcaag-3' (SEQ ID NO: 15) 

5'-gatgactctggtcagggcaa-3' (SEQ ID NO: 16) 

5'-caccaaggagaagatctgcct-3' (SEQ ID NO: 17) 

S'-caggcttgcagtgctgactct-y (SEQ ID NQ: 18) 

S'-tccgtgaggaggcaaggttc-y (SEQ ID NO: 19) 

5'-gagcctgcgcacccaccaa-3' (SEQ ID NO: 20) 

and; 

(ii) primers that overlap with a primer sequence depicted in (a) or (b). 

The term "overlap" in this context means the overlap of at least one nucleotide. 
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skilled in the art without undue burden according to conventional protocols; see, 
e.g., "Nucleic Acid Hybridization, A Practical Approach"; edited by Hames & 
Higgins, IRL Press, Oxford 1985. 

The primers of the invention are advantageously used in PCR amplification of 
nucleic acid sequences derived from the desired MAGE genes or fragments 
thereof. The primers of the invention are devised to avoid the amplification of 
genomic DNA but to amplify a DNA sequence derived from the reverse 
transcription of messenger RNA. In this way, the PCR product can be 
unambiguously correlated with expressed MAGE-genes. PCR may be carried out 
according to conventional methods. Also, the PCR product may be detected 
according to protocols that are established in the art. 

Preferably, the primer of the invention is a primer depicted in either group (a) or 
group (b), supra. 

The primers of this embodiment have been particularly useful and advantageous 
in identifying disseminated tumor cells in samples of patients with malignancies of 
many different histological origins. It is also particularly preferred that primers of 
group (a) are used as primers for a first round of PCR amplification whereas 
primers of group (b) are used in a nested primer PCR amplification. 

The present invention further relates to a diagnostic composition comprising at 
least four primers according to the invention wherein said at least four primers 
hybridize pair-wise to strands of opposite orientation of at least two different 
nucleic acid molecules wherein strands of one orientation are complementary to 
the messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens. 

The diagnostic composition of the invention is particularly useful for carrying out a 
variety of PCRs and thus for unambiguously identifying the presence of 
disseminated tumor cells in patients with malignancies of many different 
histological origins. As has been found in accordance with the present invention, 
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(a) carrying out PCR on cDNA obtained from mRNA from one or more patient 
samples using at least four primers of the invention hybridizing pair-wise to 
strands of opposite orientation of at least two different nucleic acid 
molecules wherein strands of one orientation are complementary to the 
messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens; 

(b) detecting resulting PCR products; and 

(c) using at least one MAGE-gene product, expression of said MAGE-gene 
being detected as a result of step (b) for preparing an adjuvent tumor 
vaccine based on MAGE-antigen-derived peptides resembling MHC- 
restricted T-cell-eprtopes, whole MAGE-antigens or fragments thereof, 
MAGE-transfected host cells, DNA vaccinating strategies using MAGE- 
encoding nucleotide sequences or any other immunization method based 
on MAGE-gene products or their coding nucleotide sequences. 

This embodiment of the invention relates to the direct application of the positive 
analysis of the presence of disseminated tumor cells in a human sample. Once 
said tumor cells have been detected, a suitable antidote for the further 
proliferation of said tumor cells eventually resulting in tumorous growth should be 
devised. The method of the present invention provides such an antidote. The 
tumor adjuvant vaccine can be prepared according to conventional protocols. In 
particular, it is envisaged to pulse dendritic cells isolated from the patient with 
peptides derived from the coding sequences of those MAGE-genes detected to 
be expressed by the disseminated tumor cells of this particular patient using the 
diagnostic composition of the present invention, these peptides being suited for 
binding to MHC-molecules of this patient thus resembling MHC-restricted T-cells 
epitopes. The peptide-pulsed dendritic cells will then be reinjected into the patient 
and will migrate to the T-cell zones of secondary lymphoid organs where they 
prime MAGE-specific T-lymphocytes thus resulting in an immune response 
against MAGE-pos'rtive tumor cells. 
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messenger RNA transcribed from the genes of MAGE tumor-specific antigens 
and to complementary strands thereof. 

In a further preferred embodiment of the method of the invention, said MAGE 
tumor-specific antigens are the MAGE-1 , -2, 3, -4, -6 or -12 tumor specific 
antigens. 

Of all MAGE antigens, the above-recited antigens most often appear on tumor 
cells, as was found in accordance with the present invention, and are therefore 
particularly indicative of the risk of cancer to develop metastatic tumors. 

It is further preferred in accordance with the present invention to remove samples 
from two different aspiration sites. As was found in accordance with the present 
invention, the analysis of double-sided aspiration significantly improves sensitivity. 
It is therefore advisable to use double-sides aspiration in the routine diagnosis of 
tumor cell dissemination. 

In a further preferred embodiment of the method of the invention, said samples to 
be analyzed are bone marrow aspirates. 

As has been surprisingly found in accordance with the present invention, the use 
of bone marrow aspirafes as a source for analyzing the metastatic potential of a 
patient is more sensitive than using peripheral blood as suggested by the prior 
art. 

Additionally preferred is a method wherein said mRNA preparation comprises the 
following steps: "j 

(a) immediately lysing the sample in buffer essentially completely avoiding 
RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a cushion 
of an RNAse-inhibiting agent, preferably cesium trifluoracetate. 

This embodiment of the invention is advantageous since it precludes the loss of 
mRNA that is, as is well known in the art, sensitive to degradation by 
exonucleases and therefore precludes loss of sensitivity of the assay method. 
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Figur 3: 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA, and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

Figure 4. 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA, and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

a) analysis related to primary tumor 

b) analysis related to progressive disease 

Figure 5: 

Mage-1 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (ZI.JO., BA.MA., DE.IV., NE.WI., HO.FR., MAJO., RE.LU., HEJO) 
in lane 4-11. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 

Figure 6: 

Mage-2 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (FI.RL, RE.LU., KU.LU., KLJU.. HEJO., HA.AN., RO.AD., BE.FR.) 
in lane 4-11. Controls: mock preparation in lane 1,10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 
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Figure 11: 

Mage-2 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (SC.GU.Ie., WOJA.re., PF.LO.Ie., 
SC.AU.le., FE.KU.Ie., ZOJO.Ie., ST.EB.Ie., SC.HO.Ie.) in lane 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1 t 10 Mz-2Mel tumor 
cells in 1 ml blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 
1000 Mz-2Mel tumor cells in 1 ml blood in lane 16. DNA ladder in lane M. 

Figure 12: 

Mage-3 PCR assay of bone marrow samples from prostate cancer patients. 
Patient samples 1-8 (RI.ER.Ie. f SC.GU.Ie, BA.GI.re., BE.WA.le, WOJA.Ie., 
FE.KU.re., KN.DI.re., RI.FE.re.) in lane 4-11. Controls: mock preparation in lane 
1,10 Mz-2Mel tumor cells in 1 ml blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml 
blood in lane 3, 1000 Mz-2Mel tumor cells in 1 ml blood in lane 12. DNA ladder in 
lane M. 

Figure 13: 

Mage-4 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (PF.LO.Ie., HI.ER.le., SC.HO.re., 
HE.RU.re., LU.VO.Ie., MA.GU.le., WI.JA.le., LE.DI.re.) in lanfe 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1, 10 LB23-SAR tumor 
cells in 1 ml blood in lane 2, 100 LB23-SAR tumor cells in 1 ml blood in lane 3, 
1000 LB23-SAR tumor ceils in 1 ml blood in lane 16. DNA ladder in lane M. 
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Panc-Tu: pancreas; Kato: stomach, A427: lung and A431: skin) and 2 were of 
mesenchymal origin (HT1080, LB23- SAR). 3 hematopoietic (U937, Raji,K562) 
and 6 tumor cell lines derived of neuroectodermal tissue (A172, U138: 
glioblastoma; Mel-Juso, Mel-Mei, A375, Mz-2Mel: melanoma) were analyzed. The 
melanoma cell line Mz-2Mel and the sarcoma cell line LB23-SAR were gifts of 
Francis Brasseur (Ludwig Institute, Brussels). The study population consisted of 
double-sided BM aspirates of 30 patients with prostate cancer (n=60 aspirates); 
single-sided BM aspirates were taken from 34 patients with non-small and small 
lung cancer (n=34 aspirates) and 6 patients with sarcoma (n=6 aspirates). 
Further, we analyzed peripheral blood samples from 12 patients with prostate 
cancer (n=12 samples), 6 patients with sarcoma (n=6 samples) and 12 patients 
with malignant melanoma (n=12 samples). All patients with prostate and lung 
cancer were staged as free of distant overt metastases (MO). In contrast, patients 
with sarcoma and malignant melanoma were suffering from advanced disease or 
metastases in different organs. Patients were graded by histopathological 
examination and staged according to the TNM-classification (4th edition, 1987). 
To test the specificity of the MAGE PCR assays, a "negative" control group 
consisting of 67 non-malignant patients: 20 BM aspirates and 20 peripheral blood 
samples with a history of trauma, benign tumors, inflammatory diseases or 
healthy donors were admitted to the study; furthermore, bone marrow of 27 
healthy allogeneic bone marrow donors were analyzed with regard to expression 
of Mage gene products. Using heparine as an anticoagulant, BM was aspirated 
from one or two sides of the upper iliac crest under local anesthesia in patients 
with prostate cancer and sarcoma while chemotherapy o£ under general 
anesthesia in patients with lung cancer prior to tumorectomy. 

Example 2: Tissue sampling and preparation 

To avoid degradation of the RNA, 1 ml of the native sample was immediately 
within seconds mixed with 5 ml nucleic acid extraction buffer (4 M guanidine 
isothiocyanate, 0.5% sarcosyl (N-laurylsarcosine sodium salt), 25 mM sodium 
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synthesis kit (Gibco, Eggenstein, Germany), including Superscript II (Gibco) in a 
final volume of 10 pi containing 50 mM Tris (pH=8.3), 75 mM Kcl, 3 mM MgCI 2l 10 
mM DTT, 0.5 mM total dNTP, 1.6 pg of the random primers and 100 units 
Superscript II. After the addition of RNA, the samples were incubated at 40°C for 
1 hour and subsequently diluted with 10 pi HPLC-water. 

PCR-reaction mixture (10 pi) was composed of 1 pi cDNA, 1 pi of 10xPCR buffer 
(100 mM Tris, pH=8.3, 500 mM KCI, 10 mM MgCI 2 ), 40 pM dNTP, 0.4 pM of each 
of the two primers, 5 pg BSA (Boehringer Mannheim, Mannheim, Germany), 0.6 
units of Taq DNA-Polymerase (Boehringer Mannheim, Mannheim, Germany) and 
overlaid with 12.5 pi of mineral oil. The primers for the MAGE genes were 
designed from previously published sequences (Tab. 1, Fig.1), and were selected 
to maximize mismatches between the different MAGE-sequences particularly in 
the 3'-region in order to avoid cross-amplification. Specific PCR assays were 
possible for MAGE genes 1,2,4 and 12 since the percentage of identity of these 
genes varies between 64 to 85 %. In contrast, the sequence of Mage-6 was found 
to be 99% identical to that of'Mage-3. Therefore our primers for Mage-3/6 
hybridize to both genes and PCR can detect Mage-3 and/or Mage-6 expression. 
Short primers in the range of 19-22 bases and annealing temperatures of about 
60°C were most efficient. Also junction primers spanning over two exons showed 
surprising results in efficiency. As published recently, we applied primers for PSA 
(Tab. 1) on exons 2 and 3 that span a 1.6-kilobase intron and amplify three 
different PSA cDNAs. To confirm the presence of cDNA template in each sample, 
primers specific for p53 (kindly provided by Thomas Blankenstein, MQnchen, Tab. 
1) were used to coamplrfy this ubiquitously expressed "housekeeping" gene. 
Oligonucleotide primers were synthesized and purified at Genset, Paris. For the 
external fragment amplification of the MAGE PCR assays following cycling profile 
was used: denaturation at 94°C for 6 min, annealing at 60°C for 30 sec and 
extension at 72°C for 2 min for the first cycle; denaturation at 93°C for 40 sec, 
annealing at 60°C for 30 sec and extension at 72°C for 20 sec for 14 cycles; 
denaturation at 93°C for 40 sec, annealing at 60°C for 30 sec and extension at 
72°C for 30 sec for 50 cycles; terminal extension at 72°C for 2 min and cooling at 
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the application were prepared according to conventional procedures. The specific 
antibodies used here are not essential for carrying out the invention) and A-45- 
B/B3 (kindly provided by Micromet GmbH, Martinsried, Germany), which detect 
common epitopes on cytokeratin components. The antibody reactions were 
developed with the alkaline phosphatase anti-alkaline phosphatase (APAAP) 
technique combined with the Neufuchsin method for visualizing antibody binding. 
Briefly, after incubation with the primary antibody, a polyvalent rabbit anti-mouse 
Ig antiserum (Z259, Dako, Hamburg, Germany), and performed complexes of 
alkaline phosphatase and monoclonal anti-alkaline phosphatase antibodies 
(D651, Dako, Hamburg, Germany) were used at the dilutions recommended by 
the manufacturer (Dakopotts, Hamburg, Germany). For each BM aspirate, two 
slides containing a total of 106 MNC were evaluated 

Example 5: Expression of MAGE genes in normal bone marrow and blood 
versus other markers 

RNA was extracted from BM of control patients and subjected to RT-PCR 
amplification using primers from several histogenetic differentiation markers and 
tumor-associated antigens. (Tab. 2). After 50 cycles of amplification, product of all 
these candidate genes known to be expressed in malignancies was seen except 
PSA and MAGE genes. Nevertheless, PSA expression is restricted to 
malignancies of the prostate and seems to be downregulated in a fraction of 
disseminated tumor cells. In contrast, MAGE genes are ubiquitously expressed in 
malignancies and no amplification product after sensitive nested PCR was seen 
in any of the analyzed 20 BM aspirates and 20 peripheral blood samples. This 
result was confirmed when analyzing bone marrow aspirates of 27 healthy 
persons. None of said aspirates from the allogenic bone marrow donors 
expressed the MAGE genes, see Table 5. 
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expression. There was no correlation between the primary tumor stage, the 
histopathologic^! grading or the mean PSA concentration in serum and the 
MAGE-positivity in the PCR-assay. 
Lung cancer 

The second epithelial tumor entity we were interested in was non-small and small 
lung cancer (Tab.4b). We analyzed single-sided BM aspirates of 34 carcinoma 
patients with positive results for MAGE-1 in 5 asp. (15%), MAGE-2 in 4 asp. 
(12%), MAGE-3/6 in 3 asp.(9%), MAGE-4 in 3 asp. (9%) and MAGE-1 2 in 4 
asp.(12%). At least one MAGE expression was found in 12 asp. (35%). MAGE- 
PCR displayed positive signals in 7 of 19 BM aspirates of patients with squamous 
cell carcinoma and 3 of 10 analyzed BM aspirates of patients with 
adenocarcinoma. 
Sarcoma 

Since mesenchymal tumor cell lines express different MAGE genes, we analyzed 
single-sided BM aspirates of 6 sarcoma patients staged as M1 using the sensitive 
MAGE PCR assays (Tab. 4c). 5 samples showed at least expression of one 
MAGE gene, while MAGE 1,2,4,12 were positive in two tumor samples, 
respectively, and MAGE-3/6 was positive in one sample. Transcripts of ail MAGE 
genes were found in BM aspirates of patient T.C., suffering from 
rhabdomyosarcoma with infiltrating bone metastases. 

Example 7: Correlation of MAGE expression with other tumor ceil 
dissemination markers 

All BM aspirates of patients with malignancies of the lung and prostate were 
evaluated by both the MAGE RT-PCR and the well established 
immunocytochemical assay using mAb against cytokeratins. Expression of at 
least one MAGE gene and CK-status of 34 analyzed lung carcinoma samples is 
displayed in Fig.2. 12 aspirates showed positive results in MAGE PCR assay, 
while 8 aspirat s revealed CK positive cells. 6 aspirates w re found to be 
concordant positiv and were all taken from patients with squamous cell 
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metastatic malignant melanoma using the sensitive MAGE RT-PCR assay. 
Expression of at least one MAGE gene was observed in only 5 patients with 
positive results for MAGE-1 ,2,3/6 and 12 in two samples and MAGE-4 in one 
sample. The failure to detect circulating cells in patients with localized or even 
advanced disease seems to indicate the bone marrow as preferential indicator 
compartment for detecting disseminated tumor cells. 

Example 9: Different expression of MAGE-genes in the primary tumor of 
prostate cancer patients 

Total RNA was prepared primary tumors according to Chomczynski, Analytical 
Biochemistry 162 (1987) 156-159. Subsequently cDNA was synthesized as 
described in Example 6. As shown in Table 6, 7 of 20 tumors were positive for 
MAGE-1, 6 of 20 tumors for MAGE 2 and -12, respectively, 10 of 20 tumors for 
MAGE 3/6 and 4 of 20 for MAGE-4; overall, 14 of 20 tumors (70%) were positive 
for at least one MAGE gene prodoct. 

Example 10: Different expression of MAGE-genes in the primary tumor and 
in the bone marrow of the same patient as determined by the method of the 
invention 

Total RNA was prepared from the primary tumor of sarcoma patient H. M. (see 
also Tab. 4c) according to Chomczynski, Analytical Biochemistry 162 (1987) 156- 
159. Subsequently cDNA was synthesized as described in Example 3 followed by 
a one-step PCR with 35 cycles for MAGE 1, 2, 3/6, 4 and 12 as described in 
Example 6. 

MAGE-analysis of a bone marrow sample of patient H. M. was carried out 
according to the method of the invention. Analysis of the primary tumor (results 
are shown in Figure 15) revealed predominant expression of MAGE-1 and only 
weak and inconsistent expression of other MAGE-gen s including MAGE-4 and 
12. Analysis of the bone marrow, however, only revealed the expression of Mage- 
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increasing blood concentration of PSA or by a local relapse; none of these 
patients, however, had clinical signs of distant metastasis at the time of MAGE- 
analysis. As it is well established in the art, these patients have a very high risk of 
future distant metastasis (Zietman, Cancer Supplement 71 (1993), 959-969; Fuks, 
Int. J. Radiation Oncology Biol. Phys. 21 (1991), 537-547; Pound, Urol. Clin. 
North Am 24 (1997), 395-406); thus it would be expected that most of them have 
already undergone systemic dissemination of cancer cells at the time of MAGE- 
analysis, when clinical evident distant metastasis has not yet developed but is 
likely to grow out of these disseminated single tumor cells in the future. Indeed, 7 
of these 8 patients (87,5%) highly at risk of distant metastasis proved to be 
MAGE-positive. In contrast, only 11 of 22 patients (50,0%) analyzed in temporal 
association with their primary tumor, and thus representing both high and low risk 
patients according to future distant metastasis, were found to be MAGE-positive. 
Interestingly, only 22,7% of the patients in the latter group (5/22) were found to be 
MAGE-positive for both aspiration sites, compared to 50% in the high risk group 
(4/8). These data indicate, that detectable MAGE-expression in at least one bone 
marrow sample is associated with a high risk of future distant metastasis most 
probably due to the presence of systemically disseminated tumor cells. Thus, a 
subgroup of patients suffering from cancer and especially from prostate cancer 
being highly at risk of future distant metastasis may be identified by the method of 
the invention. This subgroup may be preferentially subjected to adjuvant cancer 
therapy according to claim 5 or any other adjuvant approach in order to prevent 
the outgrowth of distant metastases from systemically disseminated single cancer 
cells. 
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Table 2: Specificity of RT-PCR. Analyses of hematopoietic tissue from non- 
carcinoma control patients. Data are presented as positive bone marrow 
aspirates or PBL over total number of specimens assessed. 
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Tabl 6: Expression of the different MAGE genes by primary tumors of 20 
patients with prostate cancer. Evaluation was obtained by specific RT-PCR 
amplification of native malignant prostatic tissue. Data are presented as negative 
and positive results in RT-PCR of total number of specimens assessed. 
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Table 7 -legend: 

Clinical data of 30 patients with prostate cancer and the corresponding results of 
MAGE RT-PCR, PSA RT-PCR and CK-lmmunocytochemistry as obtained by the 
analysis of bone marrow samples from the right and left iliac crest, respectively. 
Table lists: patients, clinical stage A-D, time of first diagnosis, histology 
(adenocarcinoma = adeno, neuroendocrine carcinoma = neuro) and 
corresponding grading (1=well differentiated, 2= moderately differentiated, 3= 
poorly differentiated), TNM-stage related to biopsy and lymphadenectomy (= b) or 
related to prostatectomy and lymphadenectomy (= p), PSA-level prior to therapy 
(= initial PSA), results of immunocytochemistry and RT-PCR, time of aspiration (0 
= bone marrow aspiration at the time of progressive disease but without clinically 
evident distant metastasis, x = bone marrow aspiration at the time of first 
diagnosis of prostate cancer or during neoadjuvant therapy of the primary tumor 
prior to curatively intended prostatectomy or radiation), treatment modality (A = 
neoadjuvant antiandrogen therapy and subsequent prostatectomy, B = 
neoadjuvant antiandrogen therapy and subsequent radiation, C = transurethral 
resection, D = primary antiandrogen therapy, E = prostatectomy and adjuvant 
antiandrogen therapy, F = neoadjuvant antiandrogen therapy plus chemotherapy, 
and subsequent prostatectomy, G = prostatectomy), as well as time and result of 
last clinical follow-up ( NR = no relapse, BCR = biochemical relapse as defined by 
continuously PSA levels over prolonged periods of time, iBCR = initially 
increasing PSA level over a short period of time prior to end of follow-up, LR = 
local relapse, DM = clinically evident distant metastasis), n.a. = not available. 
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(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



CAGGAGCTGG GCAATGAAGA C 
21 



(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide n 



(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATTGAAGGA GAAGATCTGC CT 
22 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nuclei c acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAGTAGAAGA GGAAGAAGCG GT 
22 

(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 
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CACCAAGGAG AAGATCTGCC T 
21 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TCCTCAGTAG TAGGAGCCTG T 
21 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide" 
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(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CATTGAAGGA GAAGATCTGC CT 
22 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

CAGGCTTGCA GTGCTGACTC 
20 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
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•LI :ON QI 03S :N0IXdIHDS3Q 30N3nOaS (XX) 



S3A : TV0IX3HX0dAH (TTT) 
uapT^osxonuoBxTOn = ossp/ :NOIXdIH0S3d (V) 

pxoB ox©x° TO «q^o : 3dAx ainoaiow (TT) 

«sujx : AOoaodox (a) 

9X6UXS : ssaNaacuwHxs (O) 

PT 3B o-tSTanu :adAX (a) 

SJXed sspq XZ : HX0N31 (V) 

: SDIXSIH3XDVHVHD aoNanOas (T) 

= il "-ON ai 03S HOJ NOIXWHOJNI (3) 

02 

WDDDOVOXO OXDX3V3XYO 

: 9X 5 on ai Oas : NOixdiaosaa aoNanOas (t x ) 



S3A : TVDIXaHXOdAH (TTT) 
„apT^oax3nuo6TXOu « ossp/ ^NOIXdlHOSaa (V) 

pxoe oTsxo nu asxno jadJii amoaiow <tt) 

aesuTX JAOOTOdOX (a) 

3X6UTS : ssaNaaaNVHXs (0) 

PTOB oxsx^nu :adAX (a) 

SJXBd sseq oz : HXOtiaT (V) 

s SDixsiHaxDVHVHO aoNanOas (t) 

=9X =on ai Oas Hoa NOixvwnoaNi <z) 
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(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CAGGCTTGCA GTGCTGACTC T 
21 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAGCCTGCGC ACCCACCAA 
19 
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;and 

(ii) primers that overlap with a primer sequence depicted in (a) or (b). 

2. The primer according to claim 1 which is a primer depicted in either group 
(a) or group (b). 

3. A diagnostic composition comprising at least 4 primers according to claim 
1 or 2 wherein said at least four primers hybridize pair-wise to strands of 
opposite orientation of at least two different nucleic acid molecules 
wherein strands of one orientation are complementary to the mRNA 
transcribed from the genes of at least two different MAGE tumor-specific 
antigens. 

4. A method of detecting disseminated tumor cells indicative of a cancerous 
condition in a patient comprising: 

(a) carrying out PCRt>n cDNA obtained from mRNA from one or more 
patient samples using at least two primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
one cDNA molecule wherein strands of one orientation are 
complementary to the mRNA transcibed from the genes of at least 
one MAGE tumor-specific antigen; and 

(b) detecting one or more PCR products. 

5. A method of preparing a tumor adjuvant vaccine comprising the following 
steps: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more 
patient samples using at least four primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
two different nucleic acid molecules wherein strands of one 
orientation are complementary to the messenger RNA transcribed 
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1 1 . The method according to any one of claims 4 to 1 0 wherein said samples 
are bone marrow aspirates. 

12. The method according to any one of claims 4 to 1 1 , wherein said mRNA 
preparation comprises the following steps: 

(a) immediately lysing the sample in buffer essentially completely 
avoiding RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a 
cushion of an RNAse-inhibtting agent, preferably cesium 
trifluoroacetate. 

13. The method according to any one of claims 4 to 12 wherein said 
cancerous condition is related to prostate cancer, non-small or small lung 
cancer, sarcoma, malignant melanoma, breast cancer or colorectal 
cancer. 
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Fig. 4:. Number of prostate carcinoma patients with positive results in PCR-assay for at least 
one MAGE and PSA, and in CK-Immunocytochemistry in BM of at least one 
aspiration site 

a) analysis related to primary tumor 




b) analysis related to progressive disease 
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Figure 6 
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WO 98/46788 PCT/EP98/02O81 



PRIMERS AND METHODS FOR THE DETECTION OF DISSEMINATED TUMOR CELLS 



The present invention relates to primers that specifically hybridize to nucleic acid 
molecules complementary to the messenger RNA transcribed from genes 
encoding MAGE tumor-specific antigens or a part thereof or to a complementary 
strand thereof as well as to diagnostic compositions comprising said antigens. 
The present invention further relates to methods for detecting disseminated tumor 
cells employing the primers of the invention as well as methods for preparing a 
tumor adjuvant vaccine. 

Immunotherapeutic approaches have previously been applied to patients with 
minimal residual disease and could reduce mortality and recurrence associated 
with distant metastases. Since early occult dissemination of tumor cells is already 
present in about half of the cancer patients, efficient treatment strategies have to 
be developed for eliminating residual tumor cells. Many immunocytochemical and 
PCR-based assays using histogenetic differentiation markers exclusively allow 
the detection of . micrometastatic cells that worsen the prognosis after local 
tumorectomy without identifying antigens for adjuvant immunotherapy. Limitations 
of RT-PCR analyses in oncological disorders resulted in the tissue-specific rather 
than tumor-specific expression of marker genes. Detection of disseminated tumor 
cells is thus restricted to a few, certain tumor types deriving from similar 
histological origin. Moreover, tumor cells are only detectable in front of special 
tissue background, so that most published approaches depend on samples taken 
from mesenchymal compartments. The presence of ubiquitous transcriptional 
factors and minimal activation of promoter sequences in background cells may 
cause illegitimate transcription and reduce specificity and sensitivity due to 
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gene encoding a MAGE tumor-specific antigen or a part thereof or to a 
complementary strand thereof, said primer being selected from the group of 

(i) primers having the same 3' portion as one of the following groups of 
primers: 

(a) 



5'-gtagagttcggccgaaggaac-3' 


(SEQ 


ID 


NO: 


1 


5'-caggagctgggcaatgaagac-3' 


(SEQ 


ID 


NO: 


2) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


3) 


5'-gagtagaagaggaagaagcggt-3" 


(SEQ 


ID 


NO: 


4) 


5*-gaagccggcccaggctcg-3' 


(SEQ 


ID 


NO: 


5) 


5'-gatgactctggtcagggcaa-3' 


(SEQ 


ID 


NO: 


6) 


5'-caccaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


7) 


5'-tcctcagtagtaggagcctgt-3' 


(SEQ 


ID 


NO: 


8) 


5'-tccgtgaggaggcaaggttc-3' 


(SEQ 


ID 


NO: 


9) 


5'-atcggattgactccagagagta-3' 


(SEQ 


ID 


NO: 


10) 


(b) 

5'-tagagttcggccgaaggaac-3' 


(SEQ 


ID 


NO: 


11) 


5'-ctgggcaatgaagacccaca-3' 


(SEQ 


ID 


NO: 


12) 


5'-cattgaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


13) 


5'-caggcttgcagtgctgactc-3' 


(SEQ 


ID 


NO: 


14) 


5'-ggctcggtgaggaggcaag-3' 


(SEQ 


ID 


NO: 


15) 


5'-gatgactctggtcagggcaa-3' 


(SEQ 


ID 


NO: 


16) 


5'-caccaaggagaagatctgcct-3' 


(SEQ 


ID 


NO: 


17) 


5'-caggcttgcagtgctgactct-3' 


(SEQ 


ID 


NO: 


18) 


5-tccgtgaggaggcaaggttc-3' 


(SEQ 


ID 


NO: 


19) 


5'-gagcctgcgcacccaccaa-3' 


(SEQ 


ID 


NO: 


20) 



and; 

(ii) primers that overlap with a primer sequence depicted in (a) or (b). 

The term "overlap* in this context means the overlap of at I ast one nucleotide. 
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skilled in the art without undue burden according to conventional protocols; see, 
e.g., "Nucleic Acid Hybridization, A Practical Approach"; edited by Hames & 
Higgins, IRL Press, Oxford 1985. 

The primers of the invention are advantageously used in PCR amplification of 
nucleic acid sequences derived from the desired MAGE genes or fragments 
thereof. The primers of the invention are devised to avoid the amplification of 
genomic DNA but to amplify a DNA sequence derived from the reverse 
transcription of messenger RNA. In this way, the PCR product can be 
unambiguously correlated with expressed MAGE-genes. PCR may be carried out 
according to conventional methods. Also, the PCR product may be detected 
according to protocols that are established in the art. 

Preferably, the primer of the invention is a primer depicted in either group (a) or 
group (b), supra. 

The primers of this embodiment have been particularly useful and advantageous 
in identifying disseminated tumor cells in samples of patients with malignancies of 
many different histological origins. It is also particularly preferred that primers of 
group (a) are used as primers for a first round of PCR amplification whereas 
primers of group (b) are used in a nested primer PCR amplification. 

The present invention further relates to a diagnostic composition comprising at 
least four primers according to the invention wherein said at least four primers 
hybridize pair-wise to strands of opposite orientation of at least two different 
nucleic acid molecules wherein strands of one orientation are complementary to 
the messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens. 

The diagnostic composition of the invention is particularly useful for carrying out a 
variety of PCRs and thus for unambiguously identifying the presence of 
disseminated tumor cells in patients with malignancies of many different 
histological origins. As has been found in accordance with the present invention, 
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(a) carrying out PCR on cDNA obtained from mRNA from one or more patient 
samples using at least four primers of the invention hybridizing pair-wise to 
strands of opposite orientation of at least two different nucleic acid 
molecules wherein strands of one orientation are complementary to the 
messenger RNA transcribed from the genes of at least two different MAGE 
tumor-specific antigens; 

(b) detecting resulting PCR products; and 

(c) using at least one MAGE-gene product, expression of said MAGE-gene 
being detected as a result of step (b) for preparing an adjuvent tumor 
vaccine based on MAGE-antigen-derived peptides resembling MHC- 
restricted T-cell-epitopes ( whole MAGE-antigens or fragments thereof, 
MAGE-transfected host cells, DNA vaccinating strategies using MAGE- 
encoding nucleotide sequences or any other immunization method based 
on MAGE-gene products or their coding nucleotide sequences. 

This embodiment of the invention relates to the direct application of the positive 
analysis of the presence of disseminated tumor cells in a human sample. Once 
said tumor cells have been detected, a suitable antidote for the further 
proliferation of said tumor cells eventually resulting in tumorous growth should be 
devised. The method of the present invention provides such an antidote. The 
tumor adjuvant vaccine can be prepared according to conventional protocols. In 
particular, it is envisaged to pulse dendritic cells isolated from the patient with 
peptides derived from the coding sequences of those MAGE-genes detected to 
be expressed by the disseminated tumor cells of this particular patient using the 
diagnostic composition of the present invention, these peptides being suited for 
binding to MHC-moiecules of this patient thus resembling MHC-restricted T-cells 
epitopes. The peptide-pulsed dendritic cells will then be reinjected into the patient 
and will migrate to the T-cell zones of secondary lymphoid organs where they 
prime MAGE-specific T-lymphocytes thus resulting in an immune response 
against MAGE-positive tumor cells. 
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messenger RNA transcribed from the genes of MAGE tumor-specific antigens 
and to complementary strands thereof. 

In a further preferred embodiment of the method of the invention, said MAGE 
tumor-specific antigens are the MAGE-1, -2, 3, -4, -6 or -12 tumor specific 
antigens. 

Of all MAGE antigens, the above-recited antigens most often appear on tumor 
cells, as was found in accordance with the present invention, and are therefore 
particularly indicative of the risk of cancer to develop metastatic tumors. 

It is further preferred in accordance with the present invention to remove samples 
from two different aspiration sites. As was found in accordance with the present 
invention, the analysis of double-sided aspiration significantly improves sensitivity. 
It is therefore advisable to use double-sides aspiration in the routine diagnosis of 
tumor cell dissemination. 

In a further preferred embodiment of the method of the invention, said samples to 
be analyzed are bone marrow aspirates. 

As has been surprisingly found in accordance with the present invention, the use 
of bone marrow aspirates as a source for analyzing the metastatic potential of a 
patient is more sensitive than using peripheral blood as suggested by the prior 
art. 

Additionally preferred is a method wherein said mRNA preparation comprises the 
following steps: ~ 

(a) immediately lysing the sample in buffer essentially completely avoiding 
RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a cushion 
of an RNAse-inhibiting agent, preferably cesium trifluoracetate. 

This embodiment of the invention is advantageous since it precludes the loss of 
mRNA that is, as is well known in the art, sensitive to degradation by 
exonucleases and therefore precludes loss of sensitivity of the assay method. 
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Figure 3: 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA. and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

Figure 4. 

Number of prostate carcinoma patients with positive results in PCR-assay for at 
least one MAGE and PSA, and in CK-lmmunocytochemistry in BM of at least one 
aspiration site. 

a) analysis related to primary tumor 

b) analysis related to progressive disease 

Figure 5: 

Mage-1 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (ZUO., BA.MA., DE.IV., NE.WI., HO.FR., MAJO. f RE.LU.. HEJO) 
in lane 4-11. Controls: mock preparation in lane 1,10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 

Figure 6: 

Mage-2 PCR assay of bone marrow samples from lung cancer patients. Patient 
samples 1-8 (FI.RI., RE.LU., KU.LU., KLJU., HEJO., HA.AN., RO.AD M BE.FR.) 
in lane 4-11. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor cells in 1 ml 
blood in lane 2, 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 1000 Mz-2Mel 
tumor cells in 1 ml blood in lane 12. DNA ladder in lane M. 
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Figure 11: 

Mage-2 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (SC.GU.Ie., WOJA.re., PF.LO.Ie., 
SC.AU.le., FE.KU.Ie., ZOJO.Ie., ST.EB.Ie., SC.HO.Ie.) in lane 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1, 10 Mz-2Mel tumor 
cells in 1 ml blood in lane 2 ( 100 Mz-2Mel tumor cells in 1 ml blood in lane 3, 
1000 Mz-2Mel tumor cells in 1 ml blood in lane 16. DNA ladder in lane M. 

Figure 12: 

Mage-3 PCR assay of bone marrow samples from prostate cancer patients. 
Patient samples 1-8 (RLER.Ie., SC.GU.Ie, BA.GI.re., BE.WA.le, WO.JA.le., 
FE.KU.re., KIM.DI.re., RLFE.re.) in lane 4-11. Controls: mock preparation in lane 
1,10 Mz-2Mel tumor cells in 1 ml blood in lane 2 t 100 Mz-2Mel tumor cells in 1 ml 
blood in lane 3, 1000 Mz-2Mel tumor cells in 1 ml blood in lane 12. DNA ladder in 
lane M. 

Figure 13: 

Mage-4 PCR assay of bone marrow samples from prostate cancer patients and 
healthy persons. Patient samples 1-8 (PF.LO.Ie., HI.ER.le., SC.HO.re., 
HE.RU.re., LU.VO.Ie., MA.GU.le., WI.JA.le., LE.DI.re.) in lanfe 4-11. Healthy 
persons in lane 12-15. Controls: mock preparation in lane 1, 10 LB23-SAR tumor 
cells in 1 ml blood in lane 2, 100 LB23-SAR tumor cells in 1 ml blood in lane 3, 
1000 LB23-SAR tumor cells in 1 ml blood in lane 16. DNA ladder in lane M. 
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Panc-Tu: pancreas; Kato: stomach, A427: lung and A431: skin) and 2 were of 
mesenchymal origin (HT1080, LB23- SAR). 3 hematopoietic (U937, Raji,K562) 
and 6 tumor cell lines derived of neuroectodermal tissue (A172, U138: 
glioblastoma; Mel-Juso, Mel-Mei, A375, Mz-2Mel: melanoma) were analyzed. The 
melanoma cell line Mz-2Mel and the sarcoma cell line LB23-SAR were gifts of 
Francis Brasseur (Ludwig Institute, Brussels). The study population consisted of 
double-sided BM aspirates of 30 patients with prostate cancer (n=60 aspirates); 
single-sided BM aspirates were taken from 34 patients with non-small and small 
lung cancer (n=34 aspirates) and 6 patients with sarcoma (n=6 aspirates). 
Further, we analyzed peripheral blood samples from 12 patients with prostate 
cancer (n=12 samples), 6 patients with sarcoma (n=6 samples) and 12 patients 
with malignant melanoma (n=12 samples). All patients with prostate and lung 
cancer were staged as free of distant overt metastases (MO). In contrast, patients 
with sarcoma and malignant melanoma were suffering from advanced disease or 
metastases in different organs. Patients were graded by histopathological 
examination and staged according to the TNM-classification (4th edition, 1987). 
To test the specificity of the MAGE PCR assays, a "negative" control group 
consisting of 67 non-malignant patients: 20 BM aspirates and 20 peripheral blood 
samples with a history of trauma, benign tumors, inflammatory diseases or 
healthy donors were admitted to the study; furthermore, bone marrow of 27 
healthy allogeneic bone marrow donors were analyzed with regard to expression 
of Mage gene products. Using heparine as an anticoagulant, BM was aspirated 
from one or two sides of the upper iliac crest under local anesthesia in patients 
with prostate cancer and sarcoma while chemotherapy ot under general 
anesthesia in patients with lung cancer prior to tumorectomy. 

Example 2: Tissue sampling and preparation 

To avoid degradation of the RNA, 1 ml of the native sample was immediately 
within seconds mixed with 5 ml nucleic acid extraction buffer (4 M guanidine 
isothiocyanate, 0.5% sarcosyl (N-lauryisarcosine sodium salt), 25 mM sodium 
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synthesis kit (Gibco, Eggenstein, Germany), including Superscript II (Gibco) in a 
final volume of 10 pi containing 50 mM Tris (pH=8.3), 75 mM Kcl, 3 mM MgCI 2 , 10 
mM DTT t 0.5 mM total dNTP, 1.6 pg of the random primers and 100 units 
Superscript II. After the addition of RNA, the samples were incubated at 40°C for 
1 hour and subsequently diluted with 10 pi HPLC-water. 

PCR-reaction mixture (10 pi) was composed of 1 pi cDNA, 1 pi of 10xPCR buffer 
(100 mM Tris, pH=8.3, 500 mM KCI, 10 mM MgCI 2 ), 40 pM dNTP, 0.4 pM of each 
of the two primers, 5 pg BSA (Boehringer Mannheim, Mannheim, Germany), 0.6 
units of Taq DNA-Polymerase (Boehringer Mannheim, Mannheim, Germany) and 
overlaid with 12.5 pi of mineral oil. The primers for the MAGE genes were 
designed from previously published sequences (Tab. 1, Fig.1), and were selected 
to maximize mismatches between the different MAGE-sequences particularly in 
the 3-region in order to avoid cross-amplification. Specific PCR assays were 
possible for MAGE genes 1,2,4 and 12 since the percentage of identity of these 
genes varies between 64 to 85 %. In contrast, the sequence of Mage-6 was found 
to be 99% identical to that of Mage-3. Therefore our primers for Mage-3/6 
hybridize to both genes and PCR can detect Mage-3 and/or Mage-6 expression. 
Short primers in the range of 19-22 bases and annealing temperatures of about 
60°C were most efficient Also junction primers spanning over two exons showed 
surprising results in efficiency. As published recently, we applied primers for PSA 
(Tab. 1) on exons 2 and 3 that span a 1.6-kilobase intron and amplify three 
different PSA cDNAs. To confirm the presence of cDNA template in each sample, 
primers specific for p53 (kindly provided by Thomas Blankenstein, MQnchen, Tab. 
1) were used to coamplify this ubiquitously expressed "housekeeping" gene. 
Oligonucleotide primers were synthesized and purified at Genset, Paris. For the 
external fragment amplification of the MAGE PCR assays following cycling profile 
was used: denaturation at 94°C for 6 min, annealing at 60°C for 30 sec and 
extension at 72°C for 2 min for the first cycle; denaturation at 93°C for 40 sec, 
annealing at 60°C for 30 sec and extension at 72°C for 20 sec for 14 cycles; 
denaturation at 93°C for 40 sec, annealing at 60°C for 30 sec and extension at 
72°C for 30 sec for 50 cycles; terminal xtension at 72°C for 2 min and cooling at 
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the application were prepared according to conventional procedures. Th specific 
antibodies used here are not essential for canying out the invention) and A-45- 
B/B3 (kindly provided by Micromet GmbH, Martinsried, Germany), which detect 
common epitopes on cytokeratin components. The antibody reactions were 
developed with the alkaline phosphatase anti-alkaline phosphatase (APAAP) 
technique combined with the Neufuchsin method for visualizing antibody binding. 
Briefly, after incubation with the primary antibody, a polyvalent rabbit anti-mouse 
Ig antiserum (Z259, Dako, Hamburg, Germany), and performed complexes of 
alkaline phosphatase and monoclonal anti-alkaline phosphatase antibodies 
(D651, Dako, Hamburg, Germany) were used at the dilutions recommended by 
the manufacturer (Dakopotts, Hamburg, Germany). For each BM aspirate, two 
slides containing a total of 106 MNC were evaluated 

Example 5: Expression of MAGE genes in normal bone marrow and blood 
versus other markers 

RNA was extracted from BM of control patients and subjected to RT-PCR 
amplification using primers from several histogenetic differentiation markers and 
tumor-associated antigens. (Tab. 2). After 50 cycles of amplification, product of all 
these candidate genes known to be expressed in malignancies was seen except 
PSA and MAGE genes. Nevertheless, PSA expression is restricted to 
malignancies of the prostate and seems to be downregulated in a fraction of 
disseminated tumor cells. In contrast, MAGE genes are ubiquitously expressed in 
malignancies and no amplification product after sensitive nested PGR was seen 
in any of the analyzed 20 BM aspirates and 20 peripheral blood samples. This 
result was confirmed when analyzing bone marrow aspirates of 27 healthy 
persons. None of said aspirates from the allogenic bone marrow donors 
expressed the MAGE genes, see Table 5. 
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expression. There was no correlation between the primary tumor stage, the 
histopathological grading or the mean PSA concentration in serum and the 
MAGE-positivity in the PCR-assay. 
Lung cancer 

The second epithelial tumor entity we were interested in was non-small and small 
lung cancer (Tab.4b). We analyzed single-sided BM aspirates of 34 carcinoma 
patients with positive results for MAGE-1 in 5 asp. (15%). MAGE-2 in 4 asp. 
(12%), MAGE-3/6 in 3 asp.(9%), MAGE-4 in 3 asp. (9%) and MAGE-1 2 in 4 
asp.(12%). At least one MAGE expression was found in 12 asp. (35%). MAGE- 
PCR displayedjjositive signals in 7 of 19 BM aspirates of patients with squamous 
cell carcinoma and 3 of 10 analyzed BM aspirates of patients with 
adenocarcinoma. 
Sarcoma 

Since mesenchymal tumor cell lines express different MAGE genes, we analyzed 
single-sided BM aspirates of 6 sarcoma patients staged as M1 using the sensitive 
MAGE PCR assays (Tab. 4c). 5 samples showed at least expression of one 
MAGE gene, while MAGE 1,2,4,12 were positive in two tumor samples, 
respectively, and MAGE-3/6 was positive in one sample. Transcripts of all MAGE 
genes were found in BM aspirates of patient T.C., suffering from 
rhabdomyosarcoma with infiltrating bone metastases. 

Example 7: Correlation of MAGE expression with other tumor cell 
dissemination markers 

All BM aspirates of patients with malignancies of the lung and prostate were 
evaluated by both the MAGE RT-PCR and the well established 
immunocytochemical assay using mAb against cytokeratins. Expression of at 
least one MAGE gene and CK-status of 34 analyzed lung carcinoma samples is 
displayed in Fig. 2. 12 aspirates showed positive results in MAGE PCR assay, 
while 8 aspirates rev aled CK positive cells. 6 aspirat s were found to be 
concordant positive and were all taken from patients with squamous cell 
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metastatic malignant melanoma using the sensitive MAGE RT-PCR assay. 
Expression of at least one MAGE gene was observed in only 5 patients with 
positive results for MAGE-1 ,2,3/6 and 12 in two samples and MAGE-4 in one 
sample. The failure to detect circulating cells in patients with localized or even 
advanced disease seems to indicate the bone marrow as preferential indicator 
compartment for detecting disseminated tumor cells. 

Example 9: Different expression of MAGE-genes in the primary tumor of 
prostate cancer patients 

Total RNA was prepared primary tumors according to Chomczynski, Analytical 
Biochemistry 162 (1987) 156-159. Subsequently cDNA was synthesized as 
described in Example 6. As shown in Table 6 t 7 of 20 tumors were positive for 
MAGE-1, 6 of 20 tumors for MAGE 2 and -12, respectively, 10 of 20 tumors for 
MAGE 3/6 and 4 of 20 for MAGE-4; overall, 14 of 20 tumors (70%) were positive 
for at least one MAGE gene product. 

Example 10: Different expression of MAGE-genes in the primary tumor and 
in the bone marrow of the same patient as determined by the method of the 
invention 

Total RNA was prepared from the primary tumor of sarcoma patient H. M. (see 
also Tab. 4c) according to Chomczynski, Analytical Biochemistry 162 (1987) 156- 
159. Subsequently cDNA was synthesized as described in Example 3 followed by 
a one-step PCR with 35 cycles for MAGE 1, 2, 3/6, 4 and 12 as described in 
Example 6. 

MAGE-analysis of a bone marrow sample of patient H. M. was carried out 
according to the method of the invention. Analysis of the primary tumor (results 
are shown in Figure 15) revealed predominant expression of MAGE-1 and only 
weak and inconsistent expression of other MAGE-genes including MAGE-4 and 
12. Analysis of the bone marrow, however, only revealed th expression of Mage- 
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increasing blood concentration of PSA or by a local relapse; none of these 
patients, however, had clinical signs of distant metastasis at the time of MAGE- 
analysis. As it is well established in the art, these patients have a very high risk of 
future distant metastasis (Zietman, Cancer Supplement 71 (1993), 959-969; Fuks, 
Int J. Radiation Oncology Biol. Phys. 21 (1991), 537-547; Pound, Urol. Clin. 
North Am 24 (1997), 395-406); thus it would be expected that most of them have 
already undergone systemic dissemination of cancer cells at the time of MAGE- 
analysis, when clinical evident distant metastasis has not yet developed but is 
likely to grow out of these disseminated single tumor cells in the future. Indeed, 7 
of these 8 patients (87,5%) highly at risk of distant metastasis proved to be 
MAGE-positive. In contrast, only 11 of 22 patients (50,0%) analyzed in temporal 
association with their primary tumor, and thus representing both high and low risk 
patients according to future distant metastasis, were found to be MAGE-positive. 
Interestingly, only 22,7% of the patients in the latter group (5/22) were found to be 
MAGE-positive for both aspiration sites, compared to 50% in the high risk group 
(4/8). These data indicate, that detectable MAGE-expression in at least one bone 
marrow sample is associated with a high risk of future distant metastasis most 
probably due to the presence of systemically disseminated tumor cells. Thus, a 
subgroup of patients suffering from cancer and especially from prostate cancer 
being highly at risk of future distant metastasis may be identified by the method of 
the invention. This subgroup may be preferentially subjected to adjuvant cancer 
therapy according to claim 5 or any other adjuvant approach in order to prevent 
the outgrowth of distant metastases from systemically disseminated single cancer 
cells. £ 
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Table 2: Specificity of RT-PCR. Analyses of hematopoietic tissue from non- 
carcinoma control patients. Data are presented as positive bone marrow 
aspirates or PBL over total number of specimens assessed. 
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Tabl 6: Expression of the different MAGE genes by primary tumors of 20 
patients with prostate cancer. Evaluation was obtained by specific RT-PCR 
amplification of native malignant prostatic tissue. Data are presented as negative 
and positive results in RT-PCR of total number of specimens assessed. 
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Table 7-Iegend: 

Clinical data of 30 patients with prostate cancer and the corresponding results of 
MAGE RT-PCR, PSA RT-PCR and CK-lmmunocytochemistry as obtained by the 
analysis of bone marrow samples from the right and left iliac crest, respectively. 
Table lists: patients, clinical stage A-D, time of first diagnosis, histology 
(adenocarcinoma = adeno, neuroendocrine carcinoma = neuro) and 
corresponding grading (1=well differentiated, 2= moderately differentiated, 3= 
poorly differentiated), TNM-stage related to biopsy and lymphadenectomy (= b) or 
related to prostatectomy and lymphadenectomy (= p), PSA-level prior to therapy 
(= initial PSA), results of immunocytochemistry and RT-PCR, time of aspiration (0 
= bone marrow aspiration at the time of progressive disease but without clinically 
evident distant metastasis, x = bone marrow aspiration at the time of first 
diagnosis of prostate cancer or during neoadjuvant therapy of the primary tumor 
prior to curatively intended prostatectomy or radiation), treatment modality (A = 
neoadjuvant antiandrogen therapy and subsequent prostatectomy, B = 
neoadjuvant antiandrogen therapy and subsequent radiation, C = transurethral 
resection, D = primary antiandrogen therapy, E = prostatectomy and adjuvant 
antiandrogen therapy, F = neoadjuvant antiandrogen therapy plus chemotherapy, 
and subsequent prostatectomy, G = prostatectomy), as well as time and result of 
last clinical follow-up ( NR = no relapse, BCR = biochemical relapse as defined by 
continuously PSA levels over prolonged periods of time, iBCR = initially 
increasing PSA level over a short period of time prior to end of follow-up, LR = 
local relapse, DM = clinically evident distant metastasis), n.a. = not available. 
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(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

CAGGAGCTGG GCAATGAAGA C 
21 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATTGAAGGA GAAGATCTGC CT 
22 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide 0 K 

(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAGTAGAAGA GGAAGAAGCG GT 
22 

(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 
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:soixsraaxovHYHD aDNanOas (t) 

=9 : ON QI Oas HOd NOIXVWHOdNI (Z) 

81 

OOXODOVO ODODDJOWD 

:s =on ai Oas ^oixdinosaa aoNanOas (x*) 



S3A • TYOIXaHXOdAH (TTT) 
u apT^oaionuo6TXOu * osap/ :NOIXdIHDSSta (V) 

pxoH oTsx^nu aaq^o :adAx aTnoaaow (TT) 

aeauxx =AOOTOdOX (a) 

axfi^Ts : ssaNaaatwHxs (o) 

pxoe oxaxonu :adAX (a) 
SJLTV& aseq 8X :HX0N3T (V) 
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CACCAAGGAG AAGATCTGCC T 
21 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TCCTCAGTAG TAGGAGCCTG T 
21 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 
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5 SOIXSIHaXOYHYHO 3DNHflOHS (T) 

: €X = ON ai 03S HOd NOIXYWHOdNI (2) 

oz 

YOYDDOYDYY OXYYDODDXD 

: zi : on ai oas *-NoixdiHosaa aouanoas (tx) 



S3A • TYDIX3HXOdAH (TTT) 

aSpj^osTsnuoBTTO,, o osap/ sNOIXdIHDSaa (Y) 

pjov ojaxonn aaq^o :adJU amoaiow (TT) 

:AOOIOdOL (a) 

©iButs .-ssaNaaaitrais O) 

pxoe Dxaxonu :adAX (a) 
sajBd aseq 0 2 : HXON3 f I (V) 

: soixsinaxoYHYHO aoNanOas (i) 

5 21 :ON ai 03S HO J NOIXYWHOdNI (2) 

02 

OWOOWODD DODXXOYOYX 

; tx :on ai Oas ^NoiidiHDsaa aDNanOas (t*) 



S3A : TVDIXaHXOdAH (TTT) 

„3pT^oaxonuo6Txo ll = osap/ ^NOIXdlHDSaa (V) 

Ptob oTaxonu ^aq^o :adAX aifloaiOW <TT) 

Jteauxx ^ADOTOdOX (d) 
aXfiUTS : SS3N030NYHXS (O) 
pjOH oyaxonu :adAX (a) 
sjT«d aseq 02 :HX0N3nt (Y) 
: S0IXSIH3X0YHYH0 aDNHflOaS (T) 

:il =OK ai 03S HOi N0IXYWH03NI (2) 

22 

YX OYOYOYDOXO YDXXYDODXY 

: ox : on ai Oas ^NOixdinosaa aDNanOas (tx) 



SEA : TYDIXaHXOdAH (TTT) 
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(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CATTGAAGGA GAAGATCTGC CT 
22 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

CAGGCTTGCA GTGCTGACTC 
20 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
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..apx^oaxonuoSTXOu e osap/ :N0IXdIHDS3CI (V) 

pxos oxaxanu aaqao :adAX amoaiOW (XT) 

JeatrtX iAOOTOdOL (a) 
3T6UTS : ssaNaaaNTOis (0) 

pxOB :adAX (H) 

sated aseq \z ^HXOaaa (V) 
* soixsihhxovhvhd aoNanOas (T) 

!8t : on ai Oas Hoa noixvwhojni u) 

X ODDXDXYDW OVOOWDDVD 

•Li :on ai oas : NoixdiHosaa aDNaaOas (pc) 



S3A * TYDIXHHXOdAH (TTT) 
..apx^oaxonuoBxxo,, = osap/ =NOIidIHDSaa (V) 

pxoe oxexonu : adAx amoaiow (tt) 

aBatixx lAOOTOdOX (a) 
SXBuxs : SSaNQaONVHXS (D) 
Pxob oxaxonu :adAX (H) 
saxed aseq XZ = HXONaq (V) 
: SOIXSIHaXDVHVHO 3DN3n0aS (x) 

• :on ai Oas ho a noixwhojni (z) 

oz 

WOOOOVOXO OXOXDVOXVD 

=9T :qn ai Oas : NoixdiHosaa aDNanOas (xx> 



S3A : TVOIXaHXOdAH (TTT) 

u spxaoaxonuoBxxOu « osap/ JNOIXdIHDSaa (V) 

pxoe oxaxonu aaq^o :adAX aTnoaiOW (TT) 

jBauxx ^ocnodox (a) 

3X6nxs : SSaNdaONVHXS (O) 
pxoe oxaxonu :adAX (a) 
sated aseq qz iHXONHT (V) 

' soixsiaaxovHTOD aoNanOas (t) 

= 91 =0N ai 03S HOa NOIXYWHOiNI (Z) 

61 

OWODOVOO VOXOODXOOO 
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(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CAGGCTTGCA GTGCTGACTC T 
21 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCCGTGAGGA GGCAAGGTTC 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAGCCTGCGC ACCCACCAA 
19 
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;and 

(ii) primers that overiap with a primer sequence depicted in (a) or (b). 

2. The primer according to claim 1 which is a primer depicted in either group 
(a) or group (b). 

3. A diagnostic composition comprising at least 4 primers according to claim 
1 or 2 wherein said at least four primers hybridize pair-wise to strands of 
opposite orientation of at least two different nucleic acid molecules 
wherein strands of one orientation are complementary to the mRNA 
transcribed from the genes of at least two different MAGE tumor-specific 
antigens. 

4. A method of detecting disseminated tumor cells indicative of a cancerous 
condition in a patient comprising: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more 
patient samples using at least two primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
one cDNA molecule wherein strands of one orientation are 
complementary to the mRNA transcibed from the genes of at least 
one MAGE tumor-specific antigen; and 

(b) detecting one or more PCR products. 

5. A method of preparing a tumor adjuvant vaccine comprising the following 
steps: 

(a) carrying out PCR on cDNA obtained from mRNA from one or more 
patient samples using at least four primers according to claim 1 or 
2 hybridizing pair-wise to strands of opposite orientation of at least 
two different nucleic acid molecules wherein strands of one 
orientation are complementary to the messenger RNA transcribed 
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11. The method according to any one of claims 4 to 10 wherein said samples 
are bone marrow aspirates. 

12. The method according to any one of claims 4 to 1 1, wherein said mRNA 
preparation comprises the following steps: 

(a) immediately lysing the sample in buffer essentially completely 
avoiding RNA-degradation; and 

(b) optionally centrifuging the mRNA obtained in the lysate through a 
cushion of an RNAse-inhibiting agent, preferably cesium 
trifluoroacetate. 

13. The method according to any one of claims 4 to 12 wherein said 
cancerous condition is related to prostate cancer, non-small or small lung 
cancer, sarcoma, malignant melanoma, breast cancer or colorectal 
cancer. 



3NSDOOD: <WO__88467BaA3JA> 



(93 ainu) laaHs axniusans 




Li/ i 



I80Z0/8Ma/13d 




BNSDOCtD: <WO_8848788A3JA> 



SUBSTITUTE SHEET (RULE 26) 



(sz 3inu) 133HS ainiusans 



<view88Z9W6 owmooasNi 




l80Z0/86d3/J3d 



l L/e 



88L9W86 OM 



WO 98/46788 



PCT/EP98/02081 



4/17 



Fig. 4:. Number of prostate carcinoma patients with positive results in PCR-assay for at least 
one MAGE and PSA, and in CK-Immunocvtochemistry in BM of at least one 
aspiration site 

a) analysis related to primary* tumor 




b) analysis related to progressive disease 
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